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Introduction {#sec001}
============

Humans have domesticated several animal species over thousands of years, beginning with the dog \[[@pone.0180643.ref001]\]. Generations of close association between humans and the various domesticated species has led to the development of certain degrees of communication and attachment with humans in these species. Several such species including goats, pigs, ferrets, horses, cats etc. have been shown to respond to human communicative intents \[[@pone.0180643.ref002]--[@pone.0180643.ref006]\]. However, probably due to high degree of bonding present between dogs and humans, the social cognition of dogs (*Canis lupus familiaris*) and their ability to interact with humans have made them one of the most extensively studied species in the recent past \[[@pone.0180643.ref007]\]. Dogs are capable of interacting and establishing social bonds with humans, which are similar to human caregiver-infant relationships \[[@pone.0180643.ref008]\]. It has even been suggested that dogs "need" to bond with humans, and the presence of a human can help reduce stress in dogs \[[@pone.0180643.ref009]\]. Human interventions like positive reinforcement and affiliative interactions are expected to influence dog behaviour positively, thereby being important factors in the training of dogs by their handlers \[[@pone.0180643.ref010],[@pone.0180643.ref011]\].

Dogs are highly responsive to human-provided social cues and perform successfully in the "object choice tasks", as opposed to primates including chimpanzees that perform poorly \[[@pone.0180643.ref012]\]. Several studies have explored the extent of social cognition in dogs, and their ability to comprehend human communicative gestures. They have been shown to locate hidden food rewards by following different pointing cues from humans \[[@pone.0180643.ref013]--[@pone.0180643.ref016]\]. Dogs not only are able to follow human pointing gestures, but are also capable of using the body postures of humans to understand different referential gestures made by humans \[[@pone.0180643.ref017]\]. Interestingly, unlike the pet dogs, their closest relatives, the gray wolves (*Canis lupus lupus*), differ in utilizing human pointing gestures at different stages of their development because of less socialization and delayed emergence of such behaviour \[[@pone.0180643.ref018]\]. Thus, in spite of their common ancestry and high genetic similarity, dogs and wolves possess somewhat different socio-cognitive abilities.

The origin and probable modification of socio-cognitive skills in dogs have been a highly debated topic leading to different hypotheses mentioning the importance of both domestication and ontogeny \[[@pone.0180643.ref019],[@pone.0180643.ref020]\]. Studies with socialized wolves and shelter dogs have established the role of the environment, different levels of human socialization and ontogenic experiences in shaping these skills \[[@pone.0180643.ref021]\]. Some authors have suggested co-evolution with humans \[[@pone.0180643.ref022]\], and the presence of a theory of mind in dogs \[[@pone.0180643.ref019]\] to be key factors for their high socio-cognitive abilities. A somewhat conservative explanation suggests that sensitivity to the behaviours of both humans and conspecifics is likely to be advantageous for scavengers living in social groups and thus, a predisposition in the dogs to attend to human actions can allow for rapid early learning of the association between certain gestures and food availability \[[@pone.0180643.ref023]\]. Studying socio-cognitive abilities of free-ranging populations of dogs can help us understand if behavioural ecology has indeed shaped this ability in dogs through the process of evolution.

Free-ranging dogs comprise nearly 80% of the world's dog population, and they are largely free-breeding populations that are not under direct human supervision \[[@pone.0180643.ref024]--[@pone.0180643.ref028]\]. They not only represent a more genetically diverse group, but are also closer to the present day wolves genetically, than the pets which have been produced by generations of artificial selection \[[@pone.0180643.ref029],[@pone.0180643.ref030]\]. Free-ranging dog populations across the world experience differing levels of human interactions, and being close to humans but not being reared by them, represent a unique condition for carrying out tests of socio-cognitive abilities. In India, free-ranging dogs have existed as continuous populations for centuries \[[@pone.0180643.ref031]\] and are a ubiquitous presence in all human habitations, from metropolitan areas to remote villages \[[@pone.0180643.ref032]\]. They are mostly scavengers, relying primarily on human-generated waste for sustenance, and on the other hand, also receive negative impact from humans. A recent study has shown that 63% of total mortality of free-ranging dogs in India is influenced by humans \[[@pone.0180643.ref033]\]. Free-ranging dogs are often considered as a menace because they scatter garbage, defecate by the streets and disturb people by their nocturnal barking; they are also sources of zoonotic diseases like rabies \[[@pone.0180643.ref034]--[@pone.0180643.ref036]\]. Thus, unlike pets, the free-ranging dog-human relationship is highly complex and needs proper understanding. Several studies have pointed out the need for testing the socio-cognitive abilities of free-ranging dogs, which is greatly lacking and under-represented currently \[[@pone.0180643.ref037],[@pone.0180643.ref038]\]. This is the very first time that cognitive experiments on free-ranging dogs have been performed, pertaining to the use of simple human pointing gestures. We have considered three distinct developmental phases of these dogs---pup, juvenile and adult to understand this complex dog-human relationship in a greater detail from the perspective of ontogeny as these phases differ in their levels of human socialization and impact \[[@pone.0180643.ref033]\].

Lack of cognitive studies on free-ranging dogs, especially using the human communicative intents, have led us to start testing with one of the simplest form of pointing gestures, the dynamic proximal pointing. We have complemented the success rates using behavioural data. For example, instead of discarding the subjects that did not approach even after a successful familiarization phase, we included them in the analysis and calculated success rates for a better understanding of their behavioural profiles. We have specifically emphasized on gaze alternation behaviour which is considered to be a requesting behaviour for some species in order to get the information of a hidden food reward \[[@pone.0180643.ref039],[@pone.0180643.ref040]\]. Studies have shown that dogs even try to use misleading cues given by humans either by approaching an empty container after having noticed or sniffed a baited container \[[@pone.0180643.ref041]\]; or by choosing a plate with smaller quantity of food \[[@pone.0180643.ref042]\]. A study by Takaoka et al. \[[@pone.0180643.ref043]\] has shown dogs' behavioural modifications of using cues based on the inference of reliability of a human experimenter. We have performed three consecutive trials to check whether dogs can adjust their response to human pointing based on reliability of the human experimenter.

Materials and methods {#sec002}
=====================

Subjects and study sites {#sec003}
------------------------

The study was carried out in and around the IISER Kolkata campus at Mohanpur (22°56'49"N and 88°32'4"E) and Kalyani (22°58'30"N, 88°26'04"E), West Bengal, India. The subjects were 83 adult free-ranging dogs, 58 juveniles and 68 pups ([S1](#pone.0180643.s001){ref-type="supplementary-material"} and [S2](#pone.0180643.s002){ref-type="supplementary-material"} Tables), tested individually at locations such as residential areas, market places, railway stations and areas adjacent to highways. The experiments were carried out at random times between 0700 hours and 1800 hours from June 2015 to July 2016, in order to cover all the developmental phases of dogs. Two experimenters were involved in the experiment at any point of time, and have been designated as E1 (experimenter 1) and E2 (experimenter 2), irrespective of their identity. The experimenters walked on streets to locate solitary adult dogs and juveniles randomly for experimental trials. Pups were usually lured away from the group for the experiment. Sexes of adult dogs were confirmed by looking at their genitals. Pups and juveniles need to be inspected closely for sexing, and in order to avoid handling the subjects, we did not record their sexes for this study. To rule out any possibility of resampling subjects, we tested dogs from different locations on different days and photographed each individual.

Experimental procedure {#sec004}
----------------------

Three opaque plastic bowls (Volume = 500 ml) and card-board pieces (as covers) were used for the experiments with adults and juveniles. Similarly, smaller plastic bowls (Volume = 100 ml) and card-board pieces were used for pups. We provided a piece of raw chicken as the hidden food reward. A familiarization phase, followed by three consecutive trials were conducted for both the test and control conditions. The experimenter (E2) bent down slightly while pointing, using the index finger. This was similar to the dynamic proximal pointing method reported by Miklosi and Soproni' 2006 \[[@pone.0180643.ref015]\], but kneeling had to be avoided due to two reasons--free-ranging dogs often showed alarm when someone kneeled before them during the pilot experiments and did not approach most of the time ([S1 Text](#pone.0180643.s003){ref-type="supplementary-material"}); the experiments were conducted in the dogs' natural habitats, which were not always convenient locations for kneeling down. The protocol was consistent while testing all three categories of dogs.

### Familiarization {#sec005}

Experimenter 1 (E1) attracted the attention of an individual dog, placed a piece of raw chicken in a plastic bowl and covered it with a card-board piece. This process was carried out in order to familiarize the dog with the set up. The dog was allowed to approach the bowl and interact with it for a total period of 30s. Only the dogs that successfully completed the familiarization phase (i.e., approached the bowl and obtained the piece of meat) were used for either the test or the control experiment. E2 did not witness the familiarization phase.

### Test {#sec006}

The test phase was carried out immediately after the familiarization phase, and consisted of three consecutive trials. E1 placed a food reward randomly in one of two fresh bowls out of the range of vision of the subject and E2, thereby ensuring that the experiment was double-blind. To control for the smell of chicken in the baited bowl, the other bowl was sham baited by rubbing a piece of chicken inside it. Both bowls were then covered by E1 using pieces of cardboard. E1 left the set-up area after handing over the bowls to E2, who then placed both the bowls on the ground equidistant (1.2--1.5 m) from the dog. E2 tried to establish eye-contact with the dog and provided the pointing cue on catching the dog's attention. Most free-ranging dogs have no specific names like pet dogs, but people typically call out to them using communicative signals or words, which were used by E2 during the experiment ([S1 Video](#pone.0180643.s006){ref-type="supplementary-material"}). When the focal dog looked at E2, he/she pointed randomly at one of the bowls, bending towards the bowl in such a way that the distance between the index finger of the extended arm and the bowl was approximately 10--15 cm. ([S1 Fig](#pone.0180643.s008){ref-type="supplementary-material"}; [S2 Video](#pone.0180643.s007){ref-type="supplementary-material"}). E2 looked at the dog throughout the trial while providing the pointing cue. Since the subjects were tested without the help of a leash and were thus free to move around, E2 placed the bowls such that the distance between the subject and the bowls were approximately the same in every trial. The process was video recorded for 30 seconds or till the dog made its choice by approaching the set-up, whichever was earlier. Choice was defined as the dog approaching any of the bowls (irrespective of pointing cue) and removing the cover to inspect the bowl. If the dog found the reward, it was allowed to take it. Three trials were carried out with 5--10 seconds intervals in between trials. After the dog made its choice, or 30 seconds, whichever was earlier, the contents of both containers were revealed to the dog.

### Control {#sec007}

The control trials were carried out with a set of individuals not used for the test trials and followed immediately after the familiarization phase, exactly like the test trials. Here, E2 did not provide any cue, stood in a neutral posture and looked straight ahead without making eye contact with the focal dog ([S2 Fig](#pone.0180643.s009){ref-type="supplementary-material"}). The procedure was otherwise the same as the test trials. Controls were done to rule out further possibilities of olfactory cues and effect of motion or orientation response hypothesis \[[@pone.0180643.ref044]\].

Data analysis and statistics {#sec008}
----------------------------

All the videos were coded by a single experimenter for task performance and associated behaviours, which were then used for further analysis. Only trial 1 data were used for analysis except in the case of reliability scoring to ensure no effect of bias due to previous trials. We compared pups, juveniles and adults to understand the effects, if any, of ontogeny on the free-ranging dogs' point-following behaviour. Post-hoc pairwise comparison with Bonferroni correction was done wherever required. We used Shapiro-Wilk tests to check for normality of our data and found them not normally distributed, thus we performed non-parametric tests.

We compared the following parameters between pups, juveniles and adults: (i) proportion of individuals approaching and not approaching the task using 2X2 Contingency chi-square test; (ii) out of the dogs that approached, we compared the proportion of dogs that actually followed pointing cues, using Chi-square test; (iii) latency to approach the task using Kruskal-Wallis test; (iv) survival analysis for representation of individuals approaching and not approaching and latency to approach; (v) occurrence of gaze alternation using Chi-square test; (vi) frequency and duration of gaze alternation behaviour using Kruskal-Wallis tests. For post-hoc pairwise comparisons in case of latency to approach the set-up, frequency, and duration of gaze alternation, we used Mann-Whitney U test. We compared the test and control conditions for pups, juveniles and adults separately.

In order to understand whether dogs adjust their point following behaviour based on the reliability of the human experimenter, two parameters were considered--'positive reinforcement' and 'lack of reinforcement'. Positive reinforcement was calculated by the proportion of individuals who followed pointing in a trial and obtained a reward in the same trial (+ + condition) and lack of positive reinforcement was estimated by the proportion of individuals who followed pointing but did not receive a reward in the trial (+---condition). We estimated the proportion of individuals that followed pointing in the consecutive trial after positive reinforcement (+ + /+ condition) and those that did not follow pointing after lack of positive reinforcement (+---/- condition) as measures of behavioural adjustments of dogs based on reliability of the human experimenter. We used data from two sets of consecutive trials (trials 1 and 2, trials 2 and 3) for these calculations.

We used Generalized Linear Models (GLM) to check the relationship between following and not following pointing cue with the frequency and duration of gaze alternation for pups, juveniles and adults. We performed a 2X2 Contingency chi-square test to investigate any effect of age on the point-following behaviour of pups. A second coder naïve to the purpose of the study coded 20% of the trials to check inter-rater reliability. It was perfect for point following behaviour (cohen's kappa = 1.00) and almost perfect for gaze alternation behaviour (cohen's kappa = 0.90) \[[@pone.0180643.ref045]\]. The alpha level was 0.05 throughout the analysis. GLMs were performed using "lme4" package of R version 3.0.2 \[[@pone.0180643.ref046]\]. Along with R, other statistical analyses were performed using StatistiXL version 1.11.0.0.

Results {#sec009}
=======

Test {#sec010}
----

89% of the pups, 43% of the juveniles and 69% of the adults approached either of the two bowls. Comparison between "approach" and "no approach" categories among the pups, juveniles and adults showed significant variation (Contingency χ^2^ test: χ^2^ = 15.752, df = 2, p \< 0.001), all three categories of dogs showing significantly different levels of approach from each other. Contingency chi-square tests revealed that pups showed higher approach levels than both juveniles (χ^2^ = 15.654, df = 1, p \< 0.001) and adults (χ^2^ = 4.477, df = 1, p = 0.03), while juveniles showed lesser approach than adults (χ^2^ = 4.761, df = 1, p = 0.03). Of the individuals that approached the bowls, 78% of the pups, 54% of the juveniles and 52% of the adults actually followed the pointing cue. Significantly higher proportion of pups followed pointing, as compared to juveniles (Goodness of fit: χ^2^ = 4.364, df = 1, p = 0.03) and adults (Goodness of fit: χ^2^ = 5.200, df = 1, p = 0.02), while the proportion of juveniles and adults that followed pointing did not differ significantly (Goodness of fit: χ^2^ = 0.038, df = 1, p = 0.85; [Fig 1](#pone.0180643.g001){ref-type="fig"}). The mean latency times to approach were 3.12 sec, 3.92 sec and 5.78 sec for pups, juveniles and adults respectively and were not different for the three categories (Kruskal-Wallis test: F = 5.588, df = 2, 68, p = 0.061).

![Bar graph showing the proportion of pups, juveniles and adults that followed pointing cue.\
Pups followed pointing cues significantly higher than juveniles (contingency χ^2^, p = 0.03) and adults (contingency χ^2^, p = 0.02). "a" and "b" indicate significant differences among the categories.](pone.0180643.g001){#pone.0180643.g001}

We used survival analysis ([S2 Text](#pone.0180643.s004){ref-type="supplementary-material"}) to show proportion of individuals approaching and not approaching the set-up with their latencies. We have considered approaching the set-up as events and thus probability of not approaching was considered as survival probability. A Cox proportionate hazard model was constructed for testing pups, juveniles and adults. According to the model, we found a significant difference between pups (p = 0.005) and adults, but adults and juveniles (p = 0.09) remained the same as mentioned in [Table 1](#pone.0180643.t001){ref-type="table"}.

10.1371/journal.pone.0180643.t001

###### Result of Cox proportionate hazard test for comparing the approach of adults, juveniles and pups with their latencies.

![](pone.0180643.t001){#pone.0180643.t001g}

  Covariate       Hazard ratio   Lower CL   Upper CL   p
  --------------- -------------- ---------- ---------- -------
  **Juveniles**   0.57           0.29       1.10       0.09
  **Pup**         2.08           1.24       3.49       0.005

Hazard ratio depicts how many times the probability of approaching or not approaching the set-up of the covariates are compared to the adults. The lower and upper CL (confidence limit) gives the confidence interval of the hazard ratio.

Survival curves of pups, juveniles and adults are given in [Fig 2](#pone.0180643.g002){ref-type="fig"}.

![Survival model showing proportion of individuals approaching the set-up and their latencies.\
Dotted line, solid line and dashed line indicates the survival curves of juveniles, adults and pups respectively. Latency to approach the set-up is plotted in Y-axis and proportion of approach in X-axis.](pone.0180643.g002){#pone.0180643.g002}

33% of the pups, 62% of the juveniles and 50% of the adults tested in Trial 1 (test) showed gaze alternation behaviour. The proportion of juveniles showing gaze alternation was higher than that of pups (Goodness of fit: χ^2^ = 8.853, df = 1, p = 0.003), but did not differ significantly from the adults (Goodness of fit: χ^2^ = 1.286, df = 1, p = 0.25). The proportions also did not differ significantly between adults and pups (Goodness of fit: χ^2^ = 3.48, df = 1, p = 0.06; [Fig 3](#pone.0180643.g003){ref-type="fig"}). There was significant variation in the frequency of gaze alternation among the three categories of individuals (Kruskal-Wallis test: F = 3.618, df = 2, 103, p = 0.032). Post hoc analysis revealed significant difference in the frequency of gaze alternation between pups and juveniles (Mann Whitney U test: U = 687.000, df = 36, 29; p = 0.029). Adults showed no significant difference with either pups (Mann Whitney U test: U = 953.000, df = 36, 42; p = 0.05) or juveniles (Mann Whitney U test: U = 624.50, df = 29, 42; p = 0.85; [Fig 4](#pone.0180643.g004){ref-type="fig"}). There was significant variation in the duration of gaze alternation behaviour among the pups, juveniles and adults (Kruskal-Wallis test: χ^2^ = 10.408, df = 2, p = 0.005), with pups showing less prolonged gaze alternation than juveniles (Mann Whitney U test: U = 748.00; df = 36,29; p = 0.003) as well as adults (Mann Whitney U test: U = 973.00; df = 36,42; p = 0.03), while juveniles and adults did not differ significantly (Mann Whitney U test: U = 642.00; df = 29,42; p = 0.70; [Fig 5](#pone.0180643.g005){ref-type="fig"}).

![Bar graph showing the proportion of pups, juveniles and adults that showed gaze alternation behaviour.\
Occurrence of gaze alternation was significantly higher in juveniles than pups (Goodness of fit, p = 0.01). "a" and "b" indicate significant differences between the categories.](pone.0180643.g003){#pone.0180643.g003}

![Box and whiskers plot showing the frequency of gaze alternation shown by pups, juveniles and adults.\
Frequency of gaze alternation was significantly higher in juveniles than pups (Mann Whitney U test, p = 0.029). Boxes represent interquartile range, horizontal bars within boxes indicate median values, and whiskers represent the upper range of the data. "a" and "b" indicate significant differences among the categories.](pone.0180643.g004){#pone.0180643.g004}

![Box and whiskers plot showing duration of gaze alternation behaviour by pups, juveniles and adults.\
Duration of gaze alternation was significantly less prolonged in pups than in juveniles (Mann Whitney U test, p = 0.003) and adults (Mann Whitney U test, p = 0.04). Boxes represent interquartile range, horizontal bars within boxes indicate median values, and whiskers represent the upper range of the data. "a" and "b" indicate significant differences among the categories.](pone.0180643.g005){#pone.0180643.g005}

Adults followed the pointing cue in significantly higher rates in trials 2 and 3 when positive reinforcement occurred in trials 1 and 2 respectively (14 out of 16 instances; Goodness of fit: χ^2^ = 57.760, df = 1, p \< 0.0001). In addition to this, adults did not follow pointing cue in trials 2 and 3 when lack of positive reinforcement occurred in trials 1 and 2 respectively (4 out of 6 instances; Goodness of fit: χ^2^ = 11.560, df = 1, p = 0.001). Thus adults seem to be quite flexible in point-following behaviour, adjusting their decision based on the reliability of the human experimenter. Juveniles did not show any difference in terms of behavioural adjustment as they showed a 50--50 response when they obtained food reward (5 out of 10 instances; Goodness of fit: χ^2^ = 0.000, df = 1, p = 1). They showed a marginal tendency to follow the cue less in case of lack of positive reinforcement (3 out of 5 instances; Goodness of fit: χ^2^ = 4.000, df = 1, p = 0.05). Pups showed a response in trial 2 and trial 3 exactly like the juveniles when they followed and obtained food in trial 1 and trial 2 respectively (7 out of 14 instances; Goodness of fit: χ^2^ = 0.000, df = 1, p = 1). Interestingly, pups relied on the experimenter and followed pointing cue even after lack of positive reinforcement (11 out of 17 instances; Goodness of fit: χ^2^ = 9.000, df = 1, p = 0.003), suggesting their inability to adjust point-following behaviour like adults and an innate tendency to socialize with humans. GLM analysis revealed only the frequency of gaze alternation to be a significant predictor for point following in pups (GLM: Z = -3.014, p = 0.002; [S3 Text](#pone.0180643.s005){ref-type="supplementary-material"}). GLM analysis for juveniles and adults were not significant for any of the variables. We found no effect of age (4 to 8 weeks) on the tendency to follow pointing in pups (Contingency χ^2^ test: χ^2^ = 4.011, df = 4, p = 0.405; [S3 Fig](#pone.0180643.s010){ref-type="supplementary-material"}).

### Control {#sec011}

We did not find any difference between the rates of "approach" and "no approach" among pups, juveniles and adults (Contingency χ^2^ test: χ^2^ = 1.350, df = 2, p = 0.5). The rates of obtaining a food reward and not obtaining the same were not different (Contingency χ^2^ test: χ^2^ = 1.347, df = 2, p = 0.5). Within category comparison revealed that both pups and juveniles failed at significantly higher rates to get the food reward in the no cue condition (Pup--Goodness of fit: χ^2^ = 23.040, df = 1, p \< 0.001; Juvenile - χ^2^ = 40.960, df = 1, p \< 0.001), but adults did not (χ^2^ = 1.960, df = 1, p = 0.16). We did not find any difference in the occurrence (Goodness of fit: χ^2^ = 4.850, df = 2, p = 0.08), frequency (Kruskal-Wallis test: χ^2^ = 5.445, df = 2, p = 0.07) and duration of gaze alternations (Kruskal-Wallis test: χ^2^ = 4.711, df = 2, p = 0.09) among the pups, juveniles and adults.

### Test-control comparison {#sec012}

Pups approached significantly more in the test condition than the control (Goodness of fit: χ^2^ = 6.081, df = 1, p = 0.01), i.e, for pups, the tendency to approach was higher when pointing cue was provided. Interestingly, the approach rate of juveniles was much lower in the presence of the cue than in the absence of it (Goodness of fit: χ^2^ = 6.877, df = 1, p = 0.009). For the adults, the response levels were unaffected by the presence or absence of pointing cues (Goodness of fit: χ^2^ = 0.029, df = 1, p = 0.86; [Fig 6](#pone.0180643.g006){ref-type="fig"}).

![Bar graphs showing the proportion of pups, juveniles and adults that approached the task in test and control conditions.\
Black bars indicate test conditions and grey bars indicate control conditions. Pups showed significantly higher approach rates in test condition than control (Goodness of fit, p = 0.01) and juveniles showed higher approach rates in control condition than test (Goodness of fit, p = 0.009). "a" and "b" indicate significant differences within the categories.](pone.0180643.g006){#pone.0180643.g006}

Discussion {#sec013}
==========

Our experiment revealed interesting differences in the tendencies of free-ranging dogs to follow simple human pointing gestures at different stages of their development, thereby suggesting a role of ontogeny in the development of social cognition in these dogs. In our study, pups were most responsive to the task, and also showed the highest ability to follow dynamic proximal pointing. The relatively lower response of pups in the control condition further strengthened the validity of this conclusion. Juveniles acted in an interesting way by responding to the task more in the control condition than the test, and failing to follow the point in most cases. Adults showed similar response levels in the test and control conditions, suggesting that their tendency to respond to the task did not depend on the presence of the cue. Though pups followed pointing more than juveniles, only the adults showed adjustment of the point-following behaviour, based on their immediate experience. When an adult dog followed the pointing cue and obtained food reward, it had a higher chance of following the cue in the next trial; suggesting a level of flexibility in their reliance on humans. Juveniles showed a marginal tendency to avoid non-reliable humans more, while pups showed a higher tendency to rely even on non-reliable humans, suggesting a weaker avoidance of humans and inability to adjust the response to pointing based on an immediate experience of interaction with humans.

Several studies with pet dogs have shown that adult individuals are very sensitive and can use human communicative intents positively \[[@pone.0180643.ref047],[@pone.0180643.ref048]\]. While most studies on adults show similar results, there is some disagreement regarding the ability of pups to follow human communicative gestures. A study by Dorey et al. (2010) showed that pups younger than 21 weeks had little ability to follow human pointing gestures, thereby suggesting a crucial role of ontogeny in the development of social cognition in dogs \[[@pone.0180643.ref020]\]. However, Gasci et al (2009) showed that 2 months old individuals performed at the same level as adults \[[@pone.0180643.ref049]\]. A recent study with shelter dogs again established the role of ontogeny and need of human socialization in order to dogs' understanding of referential intents \[[@pone.0180643.ref021]\]. In our study, the pups were 4--8 weeks old, and thus in the pre-weaning stage of development, still in the care and protection of their mothers, with very limited exposure to humans \[[@pone.0180643.ref050]\]. The juveniles, on the other hand, were beyond the weaning stage \[[@pone.0180643.ref050]--[@pone.0180643.ref052]\], and had high levels of exposure to humans \[[@pone.0180643.ref033]\], comparable to that of the adults. A recent study compared the performance of pet and shelter dog pups in the age range of 20--24 weeks and concluded that pups' ability to follow human pointing gestures was positively correlated with their experience with humans \[[@pone.0180643.ref053]\]. However, in this case, experience with humans is typically positive, whereas for free-ranging dog juveniles' (3--7 months old), experience with humans can be both positive and negative \[[@pone.0180643.ref033],[@pone.0180643.ref054]\].We did not see any effect of age (4--8 weeks) in the pups' performance, but the drastic shift in the response level, tendency to follow pointing and gaze alternation behaviour in the juveniles, together with the positive effect of rewards on reliability in the adults clearly suggests behavioural plasticity for point-following in the free-ranging dogs. The varying responses to point-following behaviour could also be addressed by avoidance behaviour in these dogs incorporating the real effect of dog-human interaction. Earlier research suggests that young dogs have a critical period of socialization when they readily accept new people; followed by a marked period of fear, where unknown humans are intensively avoided \[[@pone.0180643.ref055],[@pone.0180643.ref056]\]. In our experiment, adults could have gained ample experience with humans to recognize reliable and friendly people, but the juveniles might have experienced negative encounters that kept them away from the human experimenter. Juveniles approached the containers and the experimenter less frequently, when pointing cue was provided; this is again a good indicator of avoidance behaviour that strengthens this idea further.

In the current experimental design with dynamic proximal pointing, differences found among age groups could be due to different point-following capacity, or because of varying levels of fear of humans and thus intertwined and difficult to distinguish. In cognitive ethology, following pointing cues has become a standard testing paradigm because it may reflect the cognitive capacity of the subject understanding the communicative intention of the signaller; and additionally the capacity of understanding referential signals. Since proximal pointing is something where the distance between the target and the pointing finger is very short, it sometimes plays the role of a 'marker' or 'beacon'. Thus, a positive response of the subject cannot be disentangled easily between a simple approach and directional signal or real pointing. While it is important to disentangle and establish the possible factors using complex gestures like momentary distal pointing, it is also necessary to figure out the responses of these dogs pertaining to the simplest form of pointing because of non-availability of earlier studies. Moreover, humans interact with dogs mostly using hands; thus approaching close to a human hand depicts attraction and not approaching the same as avoidance. In the streets, people beckon, feed and scare away dogs using their hands. Hence, dogs' use of human proximal pointing is valid for both positive and negative intentions of humans, and further experiments need to be conducted to understand whether free-ranging dogs respond differently to different gestures of the human hand.

In India, free-ranging dogs constantly encounter humans in their daily lives, and humans are responsible for a large proportion of mortality in these dogs during the juvenile phase of life \[[@pone.0180643.ref033]\]. We suspect that the negative experiences with humans, such as beating, harassment or witnessing the death of pups, etc. make juveniles wary and perhaps afraid of humans, leading to a drastic reduction in reliability. Dogs are known not to rely on unreliable humans and they have the ability to adjust their behaviour accordingly \[[@pone.0180643.ref043],[@pone.0180643.ref057]\]. In our study, the reliability on humans by the adults increased when they received a reward on following the pointing gesture, emphasizing the effect of experience in shaping the behaviour in free-ranging dogs. Studies have also shown differential behaviour of pups of free-ranging dogs than adults in terms of food preference and choice, once again suggesting a role of learning with experience \[[@pone.0180643.ref058]\]. It is interesting to note that similar effects of experience with humans have been shown in domestic pigs, in the context of an object choice task \[[@pone.0180643.ref059]\]. Pigs, like dogs, share a long history of domestication, and indeed are the earliest domesticated animals after dogs \[[@pone.0180643.ref060]\], and these concurrent observations provide insights into how humans influence the behavioural repertoire of animals that live in close association with them.

Gaze alternation behaviour is considered to be a requesting behaviour and an important means of social communication, which is shown by dogs (and also human infants) when they are faced with an unsolvable task and seek help from humans \[[@pone.0180643.ref039],[@pone.0180643.ref061]\]. In our study, pups rarely altered their gaze whereas, juveniles and adults showed both higher frequency and duration of gaze alternation. Pups, on the other hand, mostly chose to follow the point. However, it is important to note that though the juveniles and adults showed lack of interest in humans in terms of point-following, they nevertheless had a tendency to communicate with humans through gaze alternation. Prolonged gazing can be attributed to both less interest in the hidden food and fear to approach the experimenter. Since we tested only those dogs that responded during the familiarization phase, lack of interest in the food is a less likely option. Hence the dogs' dilemma to approach the bowls can be attributed to fear of the experimenter, which is high in juveniles and adults, and conspicuously missing in the pups. We speculate whether the gaze alternation behaviour could have served to assess human intention in the ancestral dogs, rather than seek help, and has been co-opted for communicating with humans through the process of taming. While the predisposition towards socializing with humans could have aided in the domestication process of dogs \[[@pone.0180643.ref012]\], the plasticity of this behaviour, enabling learning from ontogenic experience is crucial in helping dogs to adapt to life in a human-dominated landscape with ample situations of conflict between the two species.

Ethics {#sec014}
------

No dogs were harmed or disturbed during this experiment. All experiments were performed in the natural habitats of the dogs, following a protocol approved by the IISER Kolkata animal ethics committee. All meat used in the experiment was fresh and fit for human consumption.

Supporting information {#sec015}
======================

###### Sample sizes used for the three age categories in the experiment for test and control conditions.

(PDF)

###### 

Click here for additional data file.

###### Age wise sample size of pups used for test and control experiments.

(PDF)

###### 

Click here for additional data file.

###### Why kneel down posture was not used?

(PDF)

###### 

Click here for additional data file.

###### Cox proportional hazards test.

(PDF)

###### 

Click here for additional data file.

###### Effect of frequency of gaze alternation on pup's point-following behaviour.

(PDF)

###### 

Click here for additional data file.

###### Practice of calling out free-ranging dogs in India.

(MP4)

###### 

Click here for additional data file.

###### Pointing gesture using an adult individual.

(MP4)

###### 

Click here for additional data file.

###### Experimenter 2 pointing randomly at a bowl with one of the adult individuals.

(PDF)

###### 

Click here for additional data file.

###### Experimenter 2 standing in a neutral posture in control condition.

(PDF)

###### 

Click here for additional data file.

###### Bar graph showing proportion of pups that followed and did not follow pointing cues over the range of 4^th^ week-- 8^th^ weeks.

No significant variation was found for point-following behaviour of pups during the age range (Goodness of fit, p = 0.405). Black bars indicate pups that followed point and grey bars indicate pups that did not follow the pointing cue.
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